The equilibrium polymerization problem is solved exactly on the equivalent-neighbor lattice. The
I. INTRODUCTION
The aggregation of monomers into linear polymers observed, for example, in sulfur, and various proteins exhibits critical phenomena effects. De Gennes and des Cloiseaux' have observed that the polymerization process can be described by the high-temperature expansion of the n-vector model with n~0. This mapping was used to study the critical polymerization by means of the mean-field approximation, e expansion, and positionspace renormalization group.
Gujrati has pointed to peculiarities of the n~0 limit at low temperatures which may signal a phase transition line in the fugacities space of the polymer problem. Gujrati has also argued that mean-field theories of the n~0 model and of the polymer problem should not be equivalent at low temperatures. It is thus desirable to compare the n -+0 vector model to an alternative exact solution of the corresponding polymerization model in the whole parameter space. One such comparison, one-dimensional polymerization, is already present in the literature.
In this paper we obtain the exact solution of the polymerization problem on the equivalent-neighbor lattice. This lattice is a collection of X vertices, each connected to the other X -1 vertices.
Conventional
spin models defined on the equivalentneighbor lattice are exactly solved by the mean-field theory.
The polymerization process considered. here is controlled by a fugacity k conjugated to the number of chemical bonds and by a set of fugacities q, , g2, . . . conjugated to the numbers of polymers of size (number of bonds) 1,2, . . . , respectively.
The polymerization problem studied by previous authors' is obtained when all fugacities gI are equal to each other. In this case we verify its equivalence to the n~0 magnetic model in the whole parameter space, low-temperature regime included. Since the lattice under study here is the equivalent-neighbor one, the solution is closely related to the mean-field approximation, ' which in turn is equivalent to the chemical reaction theory of Tobolsky and Eisenberg. ' Flory" has argued that the principle of equal reactivi- ' ' rN 2~, 3I, (16) N5pl5p =5l
where 5 is the Kronecker delta. The fluctuations of the polymers length b and number p are obtained from Eqs. (11), (14) , and (21), (27) x (1+x)
The Iluctuations of p and b are calculated from Eqs. (22) and (23) B. Polymerization in the magnetic language
The 0 (n) vector model in the limit n~0 has the same high-temperature series as the polymerization problem, ' ' '9 H+ Jy,
where E"(x)stands for
where No is the fraction of free monomers. It follows from the equation of state (42) and Eq. (46) that
IV. THE SCHULZ DISTRIBUTION Flory" argued that the exponential decay of the number of polymers of a given size as a function of the polymer size, the so-called most probable distribution, is implied by the equal reactivity principle. Accordingly, the opportunity for reaction between two aggregates is always the same, regardless of the aggregates' sizes. In our notation this is equivalent to pl=a for all l. However, certain polymerization processes exhibit a dependence of the number of polymers of given size on the polymer size better fitted by a gamma distribution, exponential times power, the so-called Schulz distribution. ' 
N5b =1 -b, N5p = -N6b6p=p . 
